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Abstract

The year is 200,4, NASA has landed and deployed affect of rovers on the surface of Mars

to continue the exploration of that planet and prepare the way for human visitors.
Middle school students at Milton Elementary have been following the mission through the

media and Internet as part of Mr. Johnson's Earth and space sciences class. The kids

have been working in teams to track the rovers as they move

across the surface of Mars on a scale model of the landing

site they built from sand and rocks using pictures and video

downloaded from the Internet. They also built their own

version of a rover that can be driven around the model. The

time is 3:30pro. Jim and a couple of his fellow students from

class are sitting in the cafeteria waiting for a student council

meeting to begin. Mary and several others are on the bus

riding home. Kathy is in her father's car waiting to leave

the parking lot. On Mars, Rover-3 has just stopped and

issued an alert to ground control at NASA's Jet Propulsion

Laboratory (JPL). Back at Milton Elementary chimes can
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be heard going off in the cafeteria, on the school bus, and in Kathy's car. The students

are familiar with the drill and each brings up the Mars mission status display on their
handheld PDA device. They've been using their PDAs (those Palm devices that seem to

be everywhere today) to obtain real-time position information for each of the rovers

throughout the mission. The mission status display tells them that Rover-3 has stopped

on the edge of a small gully and isn't quite sure what to do. The students begin
considering the options amongst themselves. Should the rover just drive through the

gully? 1fit does, what happens if it gets stuck? Maybe it should turnaround and look for
a way around the gully? Tough questions. Real questions. Realproblems. The students

know they will need to be prepared to discuss the options and conduct their own
simulations using the models they built in Mr. Johnson's class tomorrow. Much the same

way engineers and scientists will be working to solve the problem at NASA. lt's a couple
of days later, NASA has made a decision on what to do and has issued new commands for
Rover-3 to execute at 9:15am Milton Elementary time. Interestingly, NASA's solution to

the problem differs from the one favored by the students. 9:16am, chimes can be heard

going off throughout Milton Elementary...

Can it happen? You bet.

The role of technology, doing things in new ways, is critical to the education and

development of students. Technology offers new avenues for teachers and students alike

to explore and create opportunities for learning, bring excitement into the classroom,
extend the classroom beyond its physical limitations, broaden the educational experience
of students, and help students become their own teachers. The use of Personal Digital

Assistants (PDA) devices (Palms, etc.) can support these roles by offering students
mobility (the tool goes with them, they don't go to the tool), and access to real-time
information (students have access to information as it is created, they don't have to wait
for it to be made available after the fact). Together, NASA's Goddard Space Flight

Center (in Greenbelt MD.) and The Odyssey School (in Baltimore MD.) have been

integrating existing PDA technologies and developing new technologies within the
classroom, packaging these within lesson plans, classroom activities, and student

projects, that can help make the scenario described above and others a reality in our
classrooms.

Back2round

In the fall of 2000, engineers at the Goddard Space Flight Center (GSFC) developed a
concept for using wireless PDA technology to help educators teach real-time science in
the classroom. The project is called the HAndheld Mars EXploration (HAMEX) project,

and its end goal is to use these wireless PDAs for real-time science discovery in concert
with the rovers exploring Mars in 2004. To this end, working with the Odyssey School,
the GSFC team developed an application that would lead a student in understanding the

geo-spatial concepts of latitude and longitude.

To begin, a sample application was developed for the Palm 7x platform (a specific model
of the Palm handheld devices that can provide real-time wireless communications). This



applicationenablesstudentstoaccessreal-timeInternationalSpaceStation(ISS)dataand
leadsstudentsthroughexercisesdealingwithtrackingtheorbitalpositionoftheISS.An
integratedscienceandsocialstudieslessonplanwasdevelopedformiddleschool
studentstoaccompanythisandotherPDAapplications.Middleschoolstudentsand
teachersattheOdysseySchoolfield-testedthelessonplanandthePDA-enabled
technologiesforeffectivenessofferingtheGSFCexperimentersvaluableinsightand
feedbackfortheirresearch.

Thispaperwill firstdiscussdetailsoftheexperimentwiththeOdysseySchool,present
anddiscusstheresultsof theexperiment,provideanoverviewofthetechnologyusedin
theexperiment,andfinallydiscusstheHAMEXvisionforthenearfuture.

Experiment

During the summer of 2001, collaboration was begun between the research engineers at
NASA/GSFC and teachers at the Odyssey School. The collaboration sought to achieve

goals for both groups. The NASA engineers wanted to demonstrate the feasibility of

utilizing real-time science data in a remote environment through unique applications
resident on hand held devices (PDAs, and in particular, Palm devices). The Odyssey
teachers wanted to demonstrate the potential benefits to their students in using these hand

held devices in the learning environment.

The Palm device itself carries enough capability out-of-the-box to be effectively utilized

by students under the direction of their teachers. Examples include using the devices to
assign homework, manage course schedules, activity lists, etc. But working with the

NASA engineers the idea was to extend these basic functions with some specific
applications that were tied to more focussed lesson plans. Doing things in new ways is a
critical component of student education. The technologies, such as PDAs, help to offer
new avenues for students and teachers alike. Additionally, such technology can bring
excitement into the classroom by extending the classroom beyond its physical limitations.

It broadens the educational experience of students and helps them become their own

teachers.

The NASA research engineers at GSFC have been pursuing the development of new

technology applications for the wireless Palm platform (the Palm 7x model). These

applications are targeted at engineers and scientists as well as for use in the classroom.
The mobility of the wireless Palm device, which provides access to real-time (on-
demand) information, offers a unique combination of capabilities and technologies that
allow the needs of all these groups to be addressed simultaneously.

The partnership between the Odyssey faculty and staff with the research engineers at
GSFC is aimed at combining both their efforts in utilizing PDA technology. The

experiment integrates the ISS application 2 within the middle school science and social
studies curriculums being taught at Odyssey. To accomplish this, the school purchased
ten Palm 7x handheld devices and real-time network service for a targeted class.

2The ISS application is further described in the Technology section.



BeginninginearlySeptember2001,theOdyssey"Brigantines"(theselected8 th grade

class) participated in a 3-month trial program involving the use of these technologies and

the procured hardware. The devices were
used by the students at school and at

home to support a number of curriculum-
based applications and lesson plans co-

developed by GSFC and Odyssey
personnel. Additionally, students were
trained in the use of the Palm's classic

functions to support such things as the
date book for class schedules, the to-do

list for recording and tracking homework

assignments, the memo pad for taking
notes, and the address book to store the

Odyssey directory. A language
component was also added to the Palm
and students kept journals of their

experiences using these devices. These

journals complemented interviews
conducted with the students and teachers

participating in the program and
supported the overall evaluation of the
effectiveness of this technology by GSFC

and Odyssey.

At Odyssey, the PDA was targeted for use in both the social studies and science
curriculums." In social studies, the PDA was used essentially as a stand-alone tool to

support geography lessons related to the concepts of latitude and longitude. In science
class, the PDA complimented a study on ecosystems through a so-called "Farming in

.... 4

Space" activity developed by the Wheehng Jesutt Umverslty. This activity introduced
students to the concept of the ISS as an ecosystem, and the ability of astronauts on the

ISS to grow their own food. The science class used the ISS as a segue from a study of
the ecosystem to a study of the physics of motion, in particular, orbital motion.

The following list provides the specific details of the lesson plan developed for the trial

program, as well as additional steps that were taken to orient the Odyssey students and

prepare them for the use of PDAs in their classrooms.

Preparing for the use of the PDA technologies

Step 1: Memo sent to parents describing the trial program and the roles of students and
parents in the program. It is important to inform the parents that their children
will be in possession of school-bought equipment. In the case of this Odyssey

3http:l/www.theodysseyschool.org/
http://voyager.cet.edu/iss/main.asp



experiment,thestudentsandparentswereinformedthattheywouldnotbeheld
responsiblefor reimbursementis thedeviceswerelost,stolen,ordamagedbut
thatareplacementwouldnotbegiven.

Step2:

Step3:

Distributionof Palm7xPDAsto studentsandorientationtothetrial program
beingconductedatOdyssey(withparentsinvited).Thisallowedforopen
discussionin thegeneraluseoftheequipmentaswellasupfrontfeedbackon
thetrail experimentpriorto itscommencement.

Formalstudenttrainingandorientationonthegeneralfunctionanduseof Palm
7xdevices.Thiswasamore"technologyfocused"sessionfollowingthe

generalorientation.Basicexerciseswere
performedwiththegoalbeingtoinsurethatall
studentscouldbeexpectedtooperatethedevices
duringthecourseoftheexperiment.This
includedthebasicsof turningthedeviceonand
off,usingthestyluspointerto activate
applicationsandenterdata,andchangingthe
batteries.

Step4: StudentsaretrainedontheuseofPalm7xclassicfunctionsforclassschedules,
schooleventschedules,Odysseydirectory,homeworkbook,andnotekeeping.
Theserudimentarytoolswouldservetomakethedevicesacommonaspectof
thestudent'sday.

Step5: Studentsbeginkeepingindividualjournalsof theirexperiencesusingthePalm
7xdevices.Studentsmaintainedthesejournalsthroughoutthetrial program.

Integrating the PDA technologies within the classroom environment

Step 6: Students apply the basic concepts of geography (latitude and longitude) being

taught in social studies class by using a Palm
hurricane application in class and at home to
track hurricane activity in the Atlantic

throughout the hurricane season. The basic
functionality of the hurricane application is to

give the user the real-time coordinates and
intensity of an Atlantic hurricane derived from
weather tracking data.

Students use personal hurricane tracking sheets to plot the changing position of
the hurricanes at home; different colors used to track each storm, different

symbols used to track intensity of each storm.



Step7:

Step8:

Studentsdiscusstheoriginanddevelopmentof hurricanesinscienceclass
duringthistimeusingtrackinginformationgatheredduringsocialstudies,
videos,andclassroomactivities.

Studentskeyofftheir "farminginspace"activitiesinscienceclassto expand
theirunderstandingof theISSandfurtherexercisetheirstudyof latitudeand
longitudeusingtheISSapplicationtotracktheISSaroundtheworld.

StudentsusedtheISSapplicationtoobtainreal-timepositioninformationfor
theISSthattheyrecordedin atable.UsingtheISSapplication,theylocatedthe
ISSpositionontheapplication'sworldmapdisplay.Thispositionwasthen
plottedonaworldmap. Thesestepswererepeatedevery10minutesorso.
Thisactivitywasconductedin theclassroomusingalargewall-mountedworld

mapandasahomeworkassignmentusing
individualsingle-pageworldmaps.Theactivity
wasrepeatedoveraseriesofclassesanddaysand
studentswereleadindiscussionsandaskedto
considerthemeaningof thevariousISS
groundtracksegmentscollectedoverthecourseof
severaldaysinthecontextof thephysicallawsof
motion.

Studentsareintroducedtotheconceptsof Newton'slawsofmotion,gravityand
satellitemotionthroughvariousclassroomactivitiesdesignedtoanswerthe
questionof"why theISStracklooksthewayit does".

TheStudentsconcludedtheactivitybyretrievingandplottingISSpositionson
ahomemadecelestialspheretogainabetterunderstandingof howtheISS
movesaroundtheEarth.UsingthetimetheISSpositionwasrecorded,students
rotatedtheEarthtoitscorrectorientationwithinthecelestialsphereandthen
determinedandmarkedthepositionoftheISSwithapieceofclayonthe
celestialsphereusingtheISS'ssub-satellitepoint.Thisviewof theISS'sorbit
aroundtheEarthwascomparedtoandusedto
explaintheISSgroundtracksegmentsrecorded
earlierin theactivity.Orbitalmotionof theISS
aroundtheEarthwasthencomparedto the
motionof othersatellitesmovingaroundthe
Earth,usingthePDAapplicationrandfinally
howtheMoonmovesaroundtheEarth,the
EarthmovesaroundtheSun,theSunmoves
aroundthecenterof theMilky Way,etc.

Evaluationandassessmentof resultsfromthetrial programarecollectedfrom
thestudentsandfaculty.



Results

The trial experiment at Odyssey, detailed in the previous section, offered many useful

insights into the use of PDA devices and real-time science data in a classroom setting.
The GSFC researchers were able to gain "field-tested" feedback from actual end-users

(the students themselves). From the start, it was hoped that the use of the Palm and the
Palm-based real-time applications in the classroom and at home by the students would
add a new dimension to the lessons being taught and provide a more exciting experience

for the students.

The principal result was to learn that indeed working with real data in real time makes it
fun for the student. Real data helps students make the connection between what is

happening in class to what is happening in the real world. Furthermore, working with the
same tools in the classroom and at home makes it easier on everyone. Teachers no longer

have to worry if students have the right kind of computers, Internet access, and the same

applications at home as in school, etc. With the PDA device, students always have access

to everything they need when they need it.

On-demand access to information in the classroom (and at home) eliminates many of the

traditional limitations associated with the classroom. The teacher doesn't have to worry

about competing for and scheduling computer resources (which can be difficult to do).
Lessons can be conducted when it is appropriate to conduct them, not when the computer
lab becomes available. Lessons can be impromptu. Students don't need to huddle around

a single computer.

Furthermore, the 8 th grade students at Odyssey had no difficulty learning how to use the
Palm devices. All of the students were eager to learn the technology and essentially

taught themselves how to use the devices on their own time and in short order. In
addition, the students quickly realized the capabilities of the devices and took the
initiative to use them in a variety of ways both in (e.g., record homework assignments,
take notes, use it as a dictionary, calculator, etc.) and out (e.g., games, phone book) of the

classroom.

But specifically looking at the trail run at Odyssey, it is important to note that the limited
nature of the "real-time" component of the experiment led to a cost issue. The ISS

application, along with the hurricane data captured from real-time weather applications
were the only tools that the students used that required the internet connection service.
Even the discount rate for the trail class (10 devices for 10 students) ran to $100 a month.

This on its own is not a major cost burden, but given the fact that it was needed to support

just these two parts of the lesson plan calls into question that cost benefit. The mitigation
suggested by the Odyssey faculty is to (1) develop more comprehensive programs which
involve combinations of Palm-based, hands-on, and more traditional classroom activities;

and (2) play an active role in extending the use of the devices across multiple classes and
as a general student aid which replaces traditional aids like homework notebooks,
calculators, dictionaries, thesaurus, etc. Thus, if a classroom wants to make effective use



of theconnectioncosts,amoreextendeduseofthereal-timecomponent(morewireless
applications,morereal-timedatarequests)is recommended.

TheOdysseystaffandstudentsgavefurtherrecommendationswhichincluded(1)
developactivitiesusingthePalmwhichbuilduponeachotherandlastanextended
periodof time;(2)moretightlyintegratethePalmapplicationswiththelessonsbeing
taughtin theclassroom,complementingthematerialcontainedintextbooksandexisting
lessonplans;and(3)developactivitiesthatstressallthecapabilities(real-timeaccessto
data,on-demandaccessto data,computationalabilities,datastoragecapabilities,internet
access,etc.)ofthePalm.

Tosummarize,though,theoverallconsensusmessagefromOdysseytoNASAisto
pleasedevelopmoreapplicationsfortheclassroom!

TechnolokJY

The HAMEX project team decided to choose a ubiquitous technology that would meet

the many requirements needed for real-time science data to be delivered to a hardware
device. Specifically, the Palm 7x Personal Digital Assistants (PDA) was chosen for the
hardware. This PDA runs the Palm OS, a widely used operating system in the PDA

community. The Palm 7x PDA specifically offers a wireless technology called "Web

Clipping." This technology allows for very
quick transmission of data, in a manner similar

to the way HTML passes information across
the Internet. 6 It is called Web Clipping,

because the same data that is passed back and
forth across the World Wide Web (WWW or

Web) is literally clipped, to remove certain
data and most graphics. This allows for a
faster transmission, as well as less data across

the network.

Making use of this technology, the ISS locator

application works in the following manner
(see Figure 1). A web clipping application on
the Palm offers several choices to the user (i.e.

which spacecraft to locate). When the user
chooses a spacecraft, a web-clipping request is
then sent to the HAMEX server, where a
Practical Extraction and Report Language

(Perl) script interprets the request. The Perl

script then sends a Hyper Text Transmission
Protocol (http) request to the ISS real-time

The HAndheld Mars EXplOrauon
:(HAMEX) project:S ,_ , ! :

HAMEX isa researcheffo
theeffectiveuse of handhelddevices °_
forthe worldof,real_time_space.- _i .i-::_i
discovery:It is primarilYfUnded S_:?!'.

throug h a small:educationaloutreach ,:_i
grantfrom the
center(GSFC) n Greenbelt,

• Director'sDiscretionaryFund)was-;..... /
awardedin the Fall-of2000 and it is. _.
hoped,thatthroughprogressive - .
advancesand collaborationswith
scientistsandeducators(likethose
fromthe OOysseyschool)that the
projectwillevolvetowardsitspnmary.
goalof scientificandeducational
outreachwithreal-Umesciencedata
fromMars roversusinghandhelcl
devices.

5 HAMEX Website: http://hamex.gsfc.nasa.gov

6 Palm Website: http://www.palm.com/wireless/



location website. 7 The longitude and the latitude are then parsed from the returned data,

and then sent to the Palm in the form of a web-clipping piece of text.

Liftoff Websit •

_Gong &lat

5FC HA#.EX SER_Rs_
brig&

S/C LocationRequest

Web Clipping Application
Plot the Coordinates Game Application

Figure 1 - Prototype Application Architecture

It is at this point when the user can then play the "plot the coordinates" game (see Figure

2). The user clicks on a button which then launches a separate Palm application that
allows the user to keep guessing where those selected coordinates are until they hit the

correct spot. The application keeps track of the time taken to select the given spot, and
who has the current best time.

Figure 2 - "Find the ISS" game

7 Liftoff Website. http://liftoff.msfc.nasa.gov



The plotting _ame application was written using CodeWarrior Version 7 by
MetroWorks. ° This software allows for easy Palm OS software development by

providing an environment for software creation, testing and debugging. One key piece of
literature that helped the authors was "The Palm OS Programming Bible" by Foster. 9

This book had numerous examples, and was a good technical reference.

Vision

There are several ideas that would make good next steps towards the future of real-time
science in the classroom. Developing a more comprehensive program would better serve
the students and the educators. There is a need to develop a full "units" worth of

activities built around the use of the Palm, and have them tightly integrated with lesson

plans, materials, and textbooks used by the teachers and students. There is a desire to
develop future applications that would take advantage of all the Palm has to offer,

including real-time access to data, on-demand access to data, handheld computational

power, data storage ability, etc. Some possible examples of how the current ISS
application might be extended and serve as the basis for a broader, more comprehensive,
multi-sensory experience for the students are listed below.

• Use the ISS application (perhaps extended to allow access to more ISS data such as

x,y,z position information, x,y,z velocity information, Keplerian elements) essentially
as is with students plotting data on world maps and interpreting these data.

• Add an ISS viewing time calculator which would allow the students to take what

they've learned about how the ISS moves around the Earth to make predictions of
when they can see it and then take their palms outside with them (at home) to actually

watch it fly overhead.

• Develop a hands-on activity in which students build their own celestial spheres
(using a small globe of the Earth, hamster ball, coffee can, and various bits of

hardware) and use these to track ISS positions.

• Develop palm-based activities related to Newton's laws of motion to complement
and reinforce information contained in textbooks.

• Develop palm-based applications for use in a lab to measure the acceleration due to

gravity (e.g. the standard of dropping stuff and measuring the time it takes to reach
various intervals)...these applications would support the collection, storage, and

analysis of data generated during the lab.

• Develop a palm-based activity to introduce circular orbital motion. The classic

example is the shoot a cannon around the world activity, and it is a favorite for
understanding sub-orbital and orbital motion.

s MetroWorks, Inc Website: http://www.metroworks.com

9 The Palm OS Programming Bible, Lonnon R. Foster. IDG Books, 2000
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• Develop a palm-based activity to extend beyond the special case of circular orbits to
understand the shapes of orbits and how orbits can be changed from one shape to

another.

The HAMEX project team hopes that as technology gets further and further along, they
will be able to accomplish greater and more helpful applications. As described earlier,

the basis for this entire program had developed from the goal of having real-time
scientific data accessible from the Rovers which will explore the planet Mars in the 2004
timeframe. The HAMEX team at GSFC is working towards this goal, which is evolving

in the years leading up to 2004. As technology advances, the HAMEX team hopes to be
able to deriver a handheld application and architecture that will be beneficial to both the

scientific community, and the educational community.

For the scientific community, the HAMEX team envisions an application that will allow

the scientist to receive data wherever they are using their handheld device, and then be
able to make decisions and run other scientific experiments from the handheld

communicated back to mission operations. This would free the scientist to be virtually

anywhere, doing anything, and still be in contact with the mission.

For the students, the HAMEX team envisions developing a palm-based activity to design

a trip to Mars, including defining the steps (breaking a big problem down into several
little problems: Earth orbit, transition to Mars orbit, Mars orbit) and setup activities to

perform each of these steps. There could be competition to see who can get to Mars the

quickest while using the least amount of fuel. Once they get to Mars, they would monitor
the rovers just like the scientists, performing their own experiments based on previously

developed lesson plans.

As technology continues to advance at the rates recently seen, it seems evident and

likely that this vision will be achievable.

Conclusion:

The successful collaboration between the GSFC HAMEX team and the Odyssey School

in Baltimore completes the crucial first step in a vision to bring real-time science data
into the classroom. By gathering feedback from the "end-user" (the students and their

teachers), the researchers and developers of these applications have gained valuable

insight into where the next steps should lead. Such success not only benefits the
HAMEX team's research, but also the educational community's desire to inspire students

and educators using new technologies and real-time science information.

Special Thanks to the Brigantine Class of The Odyssey School
Allison Davis Aiexandra Epstein Brian Gamble

Zach Hoffman Kaitlin Issenock Rebecca Lavin

Ian McLaughlin

11


